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ered difﬁcult due to the diver-
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loop test and ofﬂine simulation were conducted. Results sho

rtrain conﬁgurations: conventional diesel engine, diesel engine modiﬁed to operate on an

a genetic algorithm to reﬁne the vehicle electricity econom

applying the genetic algorithm reﬁned strategy.

that achieved by the ofﬂine dynamic programming global opti

Then, a particle swarm optimization was applied to ﬁnd the op
under speciﬁc driving cycle including a penalty function sc

nﬁgurations were simulated
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consumption and emissions signiﬁcantly in urban driving. T
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energy use 58% and emissions by 67% with specﬁc recommendati
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operating mode speciﬁc power ﬂow models for a heavy duty hybr
deﬁnition of a complete set of class 8 heavy duty hybrid truck
the power ﬂow models, (3) the application of a recently devel

different heavy duty truck tractor conﬁgurations, delinea

ﬁgurations over a short, severe-duty trapezoidal drive cyc

emissions using regulatory proﬁle

owertrain potential power ﬂows: (

power ﬂows of the combined combustion-based and electrical

The vehicle power management chooses the power ﬂows of the CP

based upon the direction of the power ﬂow. Switched control p

is the fuel mass ﬂow rate,

are ﬁt coefﬁcients. The forms of Eqns. (7.1) and (7.4) were
determined empirically from the ﬁtting of experimental eng
is a typical regularization to deﬁne control inputs over the

ﬂow contours for the 15 L engine.

sitions between the open and closed states in a nonzero ﬁnite

considered closed when the transmission speed satisﬁes

more or the vehicle is stopped. The logic was sufﬁcient to ope

is sufﬁcient to begin motion given rolling resistance, slop

is the ﬁnal drive gear efﬁciency between the transmission

cal to mechanical power conversion efﬁrical power conversion efﬁciency contours (lower) without inverter efﬁciency included: (

is the propelling/generating motor power transfer efﬁcien
from induction motor modeling, ﬁeld-oriented control, and ﬁeld-weakening control methods in [98,
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captures ﬁeld
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ﬁnal drive ratio between the CP and axle,
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ion to zero over the ﬁnal 35 s. The
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the performance of the 15L-H over the velocity proﬁle and Tab
, ﬁnal battery SOC, and total fuel use.
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beneﬁt compared to the 15L-ICE.
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ive suitable ﬁnal charge.
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Table 7.2 shows that hybridization results in signiﬁcant re
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how the battery is used and fast charger inefﬁciencies. Now c

ctors as either retroﬁt or new prod-

ed proﬁles, support the hypothesis

idal proﬁle with changes in the fuel

generating/battery charging. Control-oriented power ﬂow

alued mode switches like the power ﬂow

In this chapter the main ﬁndings of the case studies presente

was simulated with an MPC controller to minimize a ﬁxed and va

were investigated: ﬁrst MPC minimized load tracking error a

GA). The two cases were applied in two scenarios; two ﬁxed loa
variable engine speeds, and variable load and ﬁxed engine sp
In the ﬁrst scenario, case GA reduced the availability destr
efﬁciency by an average of 9.3% and 15.5% at full engine load a
ted speciﬁc fuel consumption by an

tion results in higher SLT efﬁciency and lowers speciﬁc fuel

combustion cycles and the engine speed is ﬁxed at 2500 rpm. Bo

maximum SLT efﬁciency of approximately 40%. The SLT efﬁcien

for case GL. Also, case GL results show signiﬁcant variation

in a more consistent SLT efﬁciency and less fuel consumption

tracking error with a ﬁxed engine speed, minimized fuel cons

consumption, SLT efﬁciency, NO

SLT and FLT efﬁciency (% Improvement)

ﬁdelity engine models were needed to achieve higher accurac

was developed to ﬁnd engine inputs that minimize tracking er

The MPC controller was conﬁgured without accounting for the availability destruction ﬁrst i.e.,

ion error due to the forward ﬁnite

lower brake speciﬁc fuel consumption of 1.9%, reduced NO

are high ﬁdelity models and represent the physical engines v
lack a high accuracy emissions model, speciﬁcally the NO

Simpliﬁed engine

Simpliﬁed engine

ﬂow: motoring/battery discharging and generating/batter

t speciﬁc, power ﬂow models are set

e the main ﬁndings of each

amo-meter, a higher ﬁdelity engine

engine model was simpliﬁed by an SLFN and an MPC based on FLT an

evious studies ﬁndings, the MPC-SLT

power to drive the vehicle the speciﬁed drive cycle.

reduction in brake speciﬁc fuel

wer ﬂow models were created for the

like the power ﬂow direction of the electrical powertrain. A

gine’s ﬂow components and any high ﬁdelity computational ﬂuid dynamics (CFD

velocity reference tracking error while keeping signiﬁcan

ity of the approach and potential beneﬁts

the speciﬁc needs of commercial vehicle hybridization and h

efﬁcient than SI engines; however,
CI engines’ after-treatment devices are far less efﬁcient t

volumetric efﬁciency. However, con-

trol the amount of the exhaust gas ﬂow through the turbine, an

uce visible smoke. Also, insufﬁcient

alent to the mass ﬂow rate out from the intake manifold into th

turbine mechanical efﬁciency,
power and the ﬂow through the compressor. This relation can b

is the mass ﬂow rate through the EGR valve, and it is given by

u are constants and depend on the ﬁnal design of the system) wh

is mass ﬂow rate through the turbine and can be determined by u

is the turbine effective ﬂow area as a function of the normali

is the turbine mechanical efﬁciency. Lastly,

is the fuel ﬂow rate [102].

The combustion engine powertrain model ﬁt coefﬁcients, alo

25 s, which is estimated from [94]. The ﬁnal drive gear efﬁcie

oefﬁcients.
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